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    The APS Divisions of Particles and Fields and of Nuclear Physics, together with the APS Divisions of
 Astrophysics and the Physics of Beams, is organizing a year-long Study on the Physics of Neutrinos, 
beginning in the fall of 2003.  The Study is in response to the remarkable recent series of discoveries in 
neutrino physics and to the wealth of experimental opportunities on the horizon.  It will build on the 
extensive work done in this area in preparation for the 2002 long range plans developed by NSAC and
 HEPAP, as well as more recent activities, by identifying the key scientific questions driving the 
field and analyzing the most promising experimental approaches to answering them.  The results of the 
Study will inform efforts to create a scientific roadmap for neutrino physics.
     The Study is being carried out by four APS Divisions because neutrino physics is inherently interdisciplinary 
in nature.  The Study will consider the field in all its richness and diversity.  It will examine physics issues, 
such as neutrino mass and mixing, the number and types of neutrinos, their unique assets as probes of hadron 
structure, and their roles in astrophysics and cosmology.  It will also study a series of experimental approaches,
 including long and short baseline accelerator experiments, reactor experiments, nuclear beta-decay and double
 beta-decay experiments, as well as cosmic rays and cosmological and astrophysical observations.  In addition,
 the study will explore theoretical connections between the neutrino sector and physics in extra dimensions or 
at much higher scales.
      The Study will be led by an Organizing Committee and carried out by Working Groups.  The Organizing 
Committee will function as an interdisciplinary team, reporting to the four Divisions, with significant 
international participation.  The Study will be inclusive, with all interested parties and collaborations welcome 
to participate.  The final product of the Study will be a book (or e-book) containing reports from each Working 
Group, as well as contributed papers by the Working Group participants.  The Organizing Committee and 
Working Group leaders will integrate the findings of the Working Groups into a coherent summary statement 
about the future.  The Working Groups will meet as necessary, with a goal of producing the final report by 
August 2004.
    The overarching purpose of the Study is for a diverse community of scientists to examine the broad sweep of
 neutrino physics, and if possible, to move towards agreement on the next steps towards answering the questions 
that drive the field.  The Study will lay scientific groundwork for the choices that must be made during the next 
few years.
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First Direct Detection of the Neutrino

Reines and Cowan 1955

νe + p→ e+ + n

µ

ν





CERN



1968 First Solar Neutrino Experiment

Pioneer of Solar Neutrino Science

37Cl + νe → 37Ar + e-



The Sun is Fueled by Nuclear Reactions



 Millikan  ~1910

Millikan proposed going underground to disprove Hess’ suggestion 
that radiation from outer space is not the source of unexplained 
backgrounds on the Earth’s surface.  Millikan proposed the Earth’s
core as the source. Millikan went down.  Hess went up and discovered 
the “cosmic rays”.
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Cosmic Ray Secondaries
(neutrinos not shown) 

Cosmic Rays

Cosmic Ray Flux vs Energy
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Depth, meters water equivalent

Soudan

Kamioka

Gran Sasso

Homestake Baksan
Mont Blanc

Sudbury 

WIPP 

Muon flux vs overburden

 Proposed
 Current Laboratories

Underground!

Avoid Atmospheric Muons!

• Direct backgrounds from 
   primary muons.
• Secondary backgrounds 
  from spallation reactions
  products.



Φµ
= 0.7 m-2 h-1 Φn≈ 3∗10−6 cm-2 s-1

Gran Sasso
Underground
Laboratory
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p→π 0 + e+

Proton Decay



IMB
Irvine-Michigan-Brookhaven

Experimental Search for Proton Decay
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SN1987A

“Expect the unexpected”
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IMB energy

Kamioka energy

Supernova Neutrinos



π → µ + νµ
µ→ e +νe +ν µ

Atmospheric Neutrinos

Nνµ = 2Nνe

Too few ν µ



Neutrino Oscillations
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SuperKamiokande



Atmospheric neutrinos as a source for oscillation experiments

Evidence for neutrino oscillations from SuperK



Gallium Experiment-Gallium Neutrino Observatory



Soviet American Gallium Experiment



The Sun as seen from underground

Solar Neutrinos

SuperK
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Before SNO
And KamLAND



Sudbury Neutrino Observatory



Why does SNO use $300M worth of heavy water?

Charged Current

Neutral Current



      Fluxes
      (106 cm-2 s-1)
νe: 1.76(11)

νµτ: 3.41(66)

νtotal: 5.09(64)

νSSM: 5.05
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Water Cherenkov
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Steel Sphere

Tyvek light baffles

OD PMT's

Nylon/EVoH Balloon

KamLAND





250km

Long Baseline Experiments

81±8 events no oscillation
56 events observed



The Sun

Atmospheric Neutrinos

Accelerators

Nuclear Reactors
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What do we know and how do we know it

Slide adapted from B. Kayser

 and KamLAND



ν µ ν e ?

ν e p→ e+n

µ+ → e+νeν µ

p→π +

π + → µ+νµ

LSND at Los Alamos



The Open QuestionsThe Open Questions



Neutrinos and the New Paradigm

• What are the masses of the neutrinos?

• What is the pattern of mixing among the
different types of neutrinos?

• Are neutrinos their own antiparticles?

• Do neutrinos violate the symmetry CP?



Neutrinos and the Unexpected

• Are there “sterile” neutrinos?
• Do neutrinos have unexpected or exotic

properties?
• What can neutrinos tell us about the

models of  new physics beyond the
Standard Model?



Neutrinos and the Cosmos

• What is the role of neutrinos in shaping the
universe?

• Are neutrinos the key to understanding the
matter – antimatter asymmetry of the universe?

• What can neutrinos reveal about the deep interior
of the earth and sun, and about supernovae and
other ultra high energy astrophysical phenomena?











0νββ in 76Ge
5 detectors  of overall 10.96 kg enriched to
86-88% in the ββ-emitter 76Ge

Heidelberg-Moscow
Experiment

T = (0.69 - 4.18) x 1025 years  (3 σ)

Majorana ν Mass
mν= (0.24 - 0.58) eV  (3 σ)

mν best = 0.44 eV

hep-ph/0403018
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Off Axis Experiments
at Accelerators

ReactorDetector 1Detector 2

d2
d1

Two Detector Reactor Experiments
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